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Abstract. This work deals with the study of the influence of turbulence promoters in hydrodynamic
and mass transport behaviour of a filter-press type electrolyser  with 3250 cm2 of electrode area (model
REIM 3300 supplied by “I.D. Electroquímica” ) in undivided configuration.
A simple experimental arrangement was used to generate data from electrolytic conductivity
measurements in a series of impulse-response experiments.  The experimental curves has shown a strong
influence of the presence or absence of turbulence promoters inside the reactor in the hydrodynamic
behaviour.  In previous papers, we used a new approach to analyse the different residence time
distributions (RTD) in other smaller reactors.  In those studies a new parameter, the turbulence factor,
given as Naqb, was defined and employed to classify the turbulence promoters. The model used in those
papers assumes plug flow with dispersion and flow exchange with stagnant zones and uses three
parameters:  Na, qb and Pe.  Na characterises the rate of exchange between the stagnant zones and the
dispersed plug flow, qb is the ratio between volume in dispersed plug flow/total volume and Pe is the
Peclet number. In this present work a new complication has been taken into account due to the presence
of two peaks in the RTD curves. Then a model with two paths has been used in order to describe the
hydrodynamic behaviour of this electrochemical industrial size filterpress reactor.
The optimised values of the parameters provided by the model give a plug-flow hydrodynamic behaviour
with low axial dispersion for the reactor with turbulence promoters and more mixing for the empty
configuration.
The classification obtained by electrochemical method (mass transport enhancement factor) for the
turbulence promoters (plastic nets) is compared with the obtained from hydrodynamic study.
INTRODUCTION
As late as 2000 electrochemistry and the application of electrochemical reactors in
the industry is not totally accepted and it is usually relegated to a secondary option
in front of other more traditional techniques. One of the possible facts of this
abandon would be the lack of a good knowledge of the hydrodynamic behaviour of
these systems.
Real reactors never fully follow the idealised flow patterns. This deviation can be
caused by channelling of fluid, by recycling of fluid, or by creation of stagnant
regions in the vessel. In all these cases this type of irregular flow should be avoided
since it always lowers the performance of the unit.
The problems of this type of nonideal flow are closely related with the losses of
efficiency in systems at pilot-plat scale or at fully industrial scale. For this reason it
is important to take into account the nonideal flow pattern inside the reactor in order
to minimise the inefficiencies in the whole system.
One of the most usual methods for characterise system is the use of RTD
(Residence Time Distribution) curves. An RTD curve shows how long the
individual molecules of fluid stay in the vessel.
In this present work, a tracer substance is injected quickly into the flowing
stream of fluid at the inlet of the reactor. A detector located at the reactor outlet
detects the disturbance of the tracer as it exits the reactor. Signal is transmitted to a
computer which displays the curve of concentration into a screen or saves it into a
floppy disk.
This paper is focused on the study of an industrial scale electrochemical filter-
press reactor and it is the continuation of other previous works [1-3].
EXPERIMENTAL SECTION
The electrochemical reactor was an industrial scale filter-press electrochemical cell
(model REIM 3300 supplied by “I.D. Electroquímica”). The turbulence promoters
used were very similar to those used in other works found in literature and its
geometrical dimensions and view are shown in Figure 1 and Table 1. It is interesting
to point out the characteristics of the turbulence promoters, such as the strands,
apertures and mesh area, which are important aspects in the full characterisation of
the turbulence promoters.
Figure 1. Sketch of the parameters of the turbulence promoters. (Values in Table 1)
Table 1. Parameters of the turbulence promoters
Parameter Promoter A Promoter B
sd/ mm 4.5
ld/ mm 6.6
ccld/ mm 9
ccsd/ mm 7
Promoter thickness/ mm 2 1.4
l / mm 11
Porosity 0.73 0.72
The promoters were placed in the compartment (length 65 cm, width 50 cm,
thickness 2.5 cm). The number of promoters was high enough to assure that, the
compartment is completely occupied and the promoters cannot be moved away.
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Figure 2. Diagram of the system
The solution was pumped into the reactor from one tank of 600 L. The flow rate
was controlled between 300-800 L/h which means a lineal velocity for the fluid
inside the reactor between 0.6-1.8 cm/s approx.
At the outlet a conductivity probe was placed inside the pipe to measure the
conductivity. The signal was recorded and send to a computer where it is processed.
For each experiment the water tank was drained  and filled again with water. The
injection at the inlet of the reactor was 5 mL of saturated NaCl using a syringe. The
injection was approximately half second long.
MATHEMATICAL MODEL
To develop a model for the observed behavior, different non-ideal flow models have
been tested. These models are based on the combination of the dispersed plug-flow
reactor model and models for stirred tank reactors in series.
In our case, and due to the existence of two peaks in the RTD, the model
proposed considers two possible paths by where the electrolyte may flow. A scheme
of this model is shown in Figure 2. This model is a modified version of the model
used in other works [3].
Figure 3: Model proposed
For one of the paths, (path 1, occupying a volume V1 ) it is assumed that the
electrolyte flows following a dispersed plug-flow model, and that exists a stagnant
area. The electrolyte in the stagnant areas is slowly refreshed by the freely flowing
electrolyte that can be considered in axially dispersed plug flow. The electrolyte
hold-up in this zone, btot=m3 liquid/m3 column, is divided into a dynamic hold-up,
bdyn and a static or stagnant hold-up, bstat (see Figure 3). The local rate of exchange
between the dynamic (d) and static (s) hold-up is assumed to be proportional to the
concentration difference in the dynamic and static phases, and it can be
characterized by an exchange coefficient, am (s-1), defined by,
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where cd and cs are the concentrations in the dynamic and static phase
respectively. am can be considered as the product of a mass transfer coefficient and
the specific interfacial area between the flowing and the stagnant zones, kLa.
The model equations can be found from applying the mass balance equation and the
results are:
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where Z=z/L, being L the total length of the reactor; qb=bdyn/btot;
Na=(am·L)/(qbu1); Ped=(u1·L)/Dd; q=t/t, with t=L/(qbu1); Cs=cs/c; Cd=cd/c. In this
way, Na is the number of mass transfer units for the mass exchange between the
dynamic and the static phase, and Ped is the Peclet number for the dynamic phase.
For the other path (path 2, occupying a volume V2 ), the dispersed plug-flow
model, assuming a small dispersion grade is applied. The curve representing the
distribution of residence times for path 2 (E2) is:
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In this equation, Pe2 is the Peclet number for path 2; t is time from the injection
of a tracer and t2 is the mean residence time for path 2.
Considering that the model proposed for path 1 may be applied to a volume V1
that has a flow rate Q1, and the model for path 2 may be applied to a volume V2,
with a flow rate Q2, the total RTD is calculated using:
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Where E1 is the RTD curve for path 1 and it is obtained from the solutions of
equations (2) and (3). The values that must be optimised are: t1, qb, Ped, Na, t2 and
Pe2.
RESULTS
Figure 4 shows the RTD curves obtained for the promoter B at different values of
Re and Figure 5 shows an example of the model fitting for one experimental data.
Figure 4. RTD curves for the reactor with promoter B
The optimized values of the parameters provided by the model give a plug flow
hydrodynamic behaviour with low axial dispersion for the reactor with turbulence
promoters (higher Pe and qb values than empty configuration) and more mixing for
the empty configuration.  It is also very interesting to highlight that the turbulence
factor, Naqb, (see Table 2) decreases as Re increases, showing the same behaviour
that the mass transport enhancement coefficient obtained from electrochemical
studies using the limiting current technique.
The classification obtained by electrochemical method for the turbulence
promoters (plastic nets) A and B is the same than that obtained from hydrodynamic
study: B > A > empty.
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Figure 5. Example of model fitting with the reactor filled with promoter B. Re = 847
Table 2. Summary table
Promoter A Promoter B Empty
Re qb Na Na·qb qb Na Na·qb qb Na Na·qb
317 0.81 0.38 0.31 0.78 3.35 2.61 0.86 0.31 0.27
423 0.79 0.32 0.25 0.79 3.07 2.43 0.76 0.2 0.15
529 0.8 0.23 0.18 0.83 2.35 1.95 0.85 0.27 0.23
635 0.82 0.14 0.11 0.86 2.20 1.89 0.92 0.17 0.16
741 0.82 0.16 0.13 0.83 2.06 1.71 0.84 0.12 0.10
847 0.9 0.11 0.10 0.99 1.06 1.06 0.83 0.10 0.08
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